Abstract Objective measures of physical capability are being used in a growing number of studies as biomarkers of healthy ageing. However, very little research has been done to assess the impact of physical capability on subsequent positive mental wellbeing, the maintenance of which is widely considered to be an essential component of healthy ageing. We aimed to test the associations of grip strength and walking, timed get up and go and chair rise speeds (assessed at ages 53 to 82 years) with positive mental wellbeing assessed using the Warwick- AGE (2014) Edinburgh Mental Wellbeing Scale (WEMWBS) 5 to 10 years later. Data were drawn from five British cohorts participating in the Healthy Ageing across the Life Course research collaboration. Data from each study were analysed separately and then combined using random-effects meta-analyses. Higher levels of physical capability were consistently associated with higher subsequent levels of wellbeing; for example, a 1SD increase in grip strength was associated with an age and sexadjusted mean difference in WEMWBS score of 0.81 (0.25, 1.37), equivalent to 10 % of a standard deviation (three studies, N=3,096). When adjusted for body size, health status, living alone, socioeconomic position and neuroticism the associations remained albeit attenuated. The finding of these consistent modest associations across five studies, spanning early and later old age, highlights the importance of maintaining physical capability in later life and provides additional justification for using objective measures of physical capability as markers of healthy ageing.
Introduction
Objective measures of physical capability including grip strength, walking speed and chair rising ability are being used in a growing number of studies of older people as markers of healthy ageing. This is justified by a range of evidence including systematic reviews and meta-analyses showing that better performance on these tests is associated with lower mortality rates and reduced risk of a range of adverse health outcomes in community-dwelling older populations (Cooper et al. 2010; 2011b; Studenski et al. 2011) . However, little research has been done to assess the impact of physical capability on subsequent positive mental wellbeing despite the fact that the maintenance of wellbeing is highly valued by older people (Phelan et al. 2004 ) and is widely regarded as an essential component of healthy ageing.
In the last decade, the importance of mental wellbeing has been highlighted by a number of agencies including the United Nations, World Health Organisation (2004), the US National Institute on Aging and the UK Government's Foresight Project (2008) (Stiglitz et al. 2009 ) in response to which Government led initiatives to measure national wellbeing have been introduced (Self et al. 2012) . This, alongside the global challenge of the ageing population (Christensen et al. 2009 ), has made understanding the determinants of mental wellbeing in older people increasingly important and highly policy relevant (Beddington et al. 2008; Forgeard et al. 2011) .
Previous cross-sectional analyses within the Healthy Ageing across the Life Course (HALCyon) research programme found that weaker grip strength, shorter balance times and higher levels of disability were consistently associated with higher levels of anxiety and depression across five cohorts (Gale et al. 2011) . Associations between lower levels of physical capability and depression have also recently been shown in longitudinal analyses of other studies with some evidence suggesting that these are bi-directional (Li et al. 2012; Sanders et al. 2012) . However, outcomes such as anxiety and depression represent only one extreme of the broad spectrum of mental health. Whether factors that are linked with risk of these negative aspects of mental health are also associated with positive mental wellbeing is unclear, especially as it has been shown that, although correlated, a high level of positive mental wellbeing does not guarantee the absence of symptoms of poor mental health (Weich et al. 2011) .
The main aim of this study was to examine whether better performance in a range of different objective, continuous measures of physical capability was associated with higher levels of positive mental wellbeing 5 to 10 years later across five British cohorts of people aged 53 to 82 years at baseline.
Methods
This paper utilises data from five of the nine cohorts participating in the HALCyon research programme (Cooper et al. 2011a; Kuh et al. 2012) . Each of these studies included a coordinated assessment of mental wellbeing and also measured physical capability objectively during at least one prior wave of data collection.
The Lothian Birth cohort 1921 (LBC1921)
In 1932, the Scottish Mental Survey administered a wellvalidated general cognitive ability test to almost all Scottish school pupils born in 1921 (mean age 11 years). Members of this cohort were traced in the late 1990s and those still resident in the Lothian (Edinburgh) area of Scotland were recruited to participate in LBC1921. The first wave of new data, which included measurement of physical capability, was collected in 1999-2001 when participants were aged 77 to 80 years and wellbeing was assessed during a third wave in 2007-8 when they were aged 85 to 87 years (Deary et al. 2004; .
Caerphilly Prospective Study
Caerphilly Prospective Study (CaPS) is a cohort of men, born between 1920 and 1939, who were recruited when they were aged 45-59 years, between 1979 and 1983 , from the town of Caerphilly and adjacent villages in South Wales (The Caerphilly and Speedwell Collaborative Group 1984) . During the second wave, between 1984 and 1988, the original cohort was supplemented with men of a similar age who had moved into the defined area. Physical capability was assessed during a fifth wave of data collection in 2000-4 when participants were aged 65 to 82 years and wellbeing was assessed in 2011 when they were aged 73 to 90 years.
Hertfordshire Cohort Study
Hertfordshire Cohort Study (HCS) is a cohort of men and women born in Hertfordshire (East, North or West) between 1931 and 1939 whose birth and infant records were available and who were alive and still living in Hertfordshire in the 1990s. The first two new waves of data, which included measurement of physical capability, were collected in 1999-2004 and 2004-5, respectively , when study participants were aged 59 to 74 years (Syddall et al. 2005 ) and wellbeing was assessed in 2008 when participants were aged 69 to 78 years.
Aberdeen Birth Cohort 1936
Aberdeen Birth Cohort 1936 (ABC1936) is a cohort of men and women born in 1936 who participated in the Scottish Mental Survey administered to 11-year-old school pupils across Scotland in 1947. The cohort were traced in the late 1990s and those still resident in the Aberdeen area of Scotland were invited to participate in ABC1936, with the first wave of new data, which included measurement of physical capability, collected in 1999-2003 when participants were aged 62 to 67 years (Deary et al. 2004) and wellbeing assessed when they were aged 72 to 75 years.
MRC National Survey of Health and Development
The National Survey of Health and Development (NSHD), alternatively known as the 1946 British birth cohort, is a nationally representative sample of people born in England, Scotland, and Wales during 1 week in March 1946 who have been followed up prospectively since birth Wadsworth et al. 2006) . Physical capability was assessed during home visits in 1999 at age 53 years and wellbeing has been assessed in a data collection between 2006 and 2011 when participants were aged 60 to 64 years.
Assessment of mental wellbeing
Wellbeing was assessed in each of the cohorts using the Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS). This 14-item scale has been developed to measure mental wellbeing and has been validated on a representative general population sample of British adults (Tennant et al. 2007 ). Participants were asked to respond to each of the items, all of which were positively worded (statements including 'I've been feeling optimistic about the future', 'I've been feeling useful' and 'I've been dealing with problems well') by indicating which one of five options ranging from 'none of the time' (score 1) to 'all of the time' (score 5) best described their experience over the last 2 weeks. The overall score, which is calculated by summing the scores for each item, has been shown in confirmatory factor analysis to be measuring a single underlying concept of wellbeing (Tennant et al. 2007) , and has a range from 14 (lowest level) to 70 (highest level of mental wellbeing). When summing the scores of individual items to create a total score, values were imputed based on the average score for completed items where there were ≤3 missing items (n=2, LBC1921; n=43, CaPS; n=52, HCS; n=84, NSHD) (Stewart-Brown and Janmohamed 2008). Internal consistency of the scale in all five cohorts was high (Cronbach alpha=0.89 (in LBC1921 and ABC1936), 0.91 (in HCS and NSHD) and 0.93 (in CaPS) ).
Assessment of physical capability
These analyses utilise four objective measures of physical capability assessed at the ages detailed above, which in all cohorts were at ages prior to the assessment of wellbeing; grip strength and walking speed were assessed in three cohorts and timed get up and go (TUG) and chair rise speed in two. Harmonisation of each of these measures, to ensure their comparability across cohorts, has been described in detail elsewhere (Cooper et al. 2011a) .
Grip strength was measured using a Jamar dynamometer (or North Coast Hydraulic Hand dynamometer in some LBC1921 participants) in LBC1921 and HCS and using the Nottingham electronic handgrip dynamometer in NSHD. The maximum recorded value (in kilograms) was used in analyses.
In LBC21, the time it took participants to walk as quickly as possible over a distance of 6 m was recorded. In HCS and ABC1936 participants were timed walking at their normal pace over distances of 3 m and 6 m, respectively. To account for differences in the distances walked, all times were converted to speeds (meters per second). A standard protocol for the TUG test (Podsiadlo and Richardson 1991) which involved getting up from a chair, walking 3 m at a normal pace, turning around, returning to the chair and sitting back down was used in both HCS and CaPs. TUG speed (meters per second) was then calculated by dividing 6 m (the distance walked) by the time taken in seconds. In CaPS, two trials of this test had been performed and so the average speed was calculated and used in analyses.
Chair rise performance was measured as the time taken to rise from a sitting to a standing position and then sit down again as fast as possible five complete times in HCS and ten times in NSHD. Chair rise speed (rises/minute) was then calculated by dividing the number of rises performed (i.e., 5 or 10) by the time (in minutes) taken to complete the test.
All four physical capability measures were sexstandardised within cohort for the purposes of the main analyses.
Covariates
Factors which it was hypothesised may confound the main associations of interest, because they have previously been shown to be associated with both physical capability and/or wellbeing, and that had been assessed in each of the cohorts were selected a priori. These were gender, age, body size (body mass index and height), self-reported health status, living alone (as an indicator of level of support in the home), adult socioeconomic position (occupational class and educational level) and the personality trait neuroticism. The methods of ascertaining the latter five covariates in each cohort are summarised in Table 1 . Body size at the time of physical capability assessment was assessed in each cohort using standardised protocols during clinic or nurse home visits.
Statistical analysis
Associations between each sex-standardised physical capability measure and the WEMWBS score were examined using equivalent linear regression models run separately in each cohort. Random-effects metaanalysis models (DerSimonian and Laird 1986), selected a priori due to expected heterogeneity between studies, were then used to obtain overall estimates of the associations between each measure of physical capability and the WEMWBS score across cohorts. The percentage of variation between studies not attributable to within-study variation was examined using I
(Higgins and Thompson 2002).
Gender interactions and deviations from linearity were tested in age-adjusted models and as there was no evidence of these across cohorts (see supplementary  Table 1 ) all subsequent analyses within each cohort were run with adjustment for gender and assuming linearity. Models were first run with adjustment for age and gender and then with simultaneous adjustment for all covariates. To ensure comparability, all models were run on the samples with complete data on all covariates.
All analyses were performed using STATA, version 10.1 (StataCorp, College Station, TX).
Sensitivity analyses
Sensitivity analyses were performed in which: (1) results from analyses of walking and TUG speed were combined in the same meta-analyses; (2) each model was rerun using the maximum available sample, to ensure that exclusion of people with missing data on covariates did not introduce bias; (3) the WEMWBS scores of those unable to perform each test of physical capability for health reasons, who were therefore excluded from analyses, were compared with those who were able to perform the test, in those cohorts where this information was available (HCS, CaPS and NSHD) (Cooper et al. 2011a ); Health status was assessed at the same time as physical capability. All important health conditions on which there were data available in any one cohort were used to represent health status in that cohort. In each cohort health status was included in analyses as a binary variable which distinguished between those with no reported health conditions and those with one or more b Reported in each cohort at time of physical capability assessment. In those cohorts where marital status was used binary variables were generated which distinguished between those likely to be living alone (as indicated by reports of being single, divorced or widowed) and participants living with others (as indicated by reports of being married or cohabiting) AGE (2014) 36:445-456 (4) the WEMWBS scores of those who performed the TUG test with a walking aid were compared with those who performed the test unaided.
Results
Mean levels of physical capability at baseline and wellbeing at follow-up in each of the cohorts are presented stratified by sex in Table 2 . Confirming findings from previous analyses in these cohorts (Cooper et al. 2011a) , men were found to have better physical capability levels than women (especially grip strength) and mean levels of physical capability were generally lower in cohorts with older average ages at assessment. There was no evidence of differences in WEMWBS scores by sex (results from t tests of gender differences: p>0.8 in all cohorts except HCS where p=0.17) and mean scores were similar across cohorts, despite the variations in mean age at assessment. There was consistent evidence across cohorts that better performance on each of the four physical capability measures was associated with higher subsequent levels of wellbeing; estimates from meta-analyses of age and sex-adjusted unstandardized regression coefficients ranged from a mean difference in WEMWBS score of 0.79 (0.28, 1.30) to 1.70 (0.49, 2.91) for every 1SD increase in physical capability (see Table 3 and Fig. 1 ), which is equivalent to a difference of 10 to 21 % of a standard deviation in WEMWBS score (based on WEMWBS score SD=8). Adjustment for covariates had a similar impact on effect estimates across cohorts; few of the adjustments for individual covariates attenuated the associations greatly with the exception of adjustment for neuroticism (results not shown). In fully adjusted models, associations between physical capability and WEMWBS remained, albeit attenuated (Table 3) .
There was little evidence of heterogeneity between studies of the walking and chair rise speed associations with WEMWBS (Table 3 ) and only moderate levels of heterogeneity between studies of grip strength associations, although confidence intervals were wide. The two studies of TUG speed-WEMWBS were heterogeneous, with a stronger association found in CaPS than in HCS (see Fig. 1 ).
Sensitivity analyses (results available on request) showed that if results for TUG speed in HCS were substituted in to meta-analyses of walking speed (in place of the HCS results on walking speed) this did not greatly affect the overall estimates of effect or estimates of between-study heterogeneity. However, inclusion of results on TUG speed in CaPS increased the overall estimate of effect and introduced heterogeneity between studies. There were no important differences in findings when models were rerun using the maximum available samples. In those cohorts where relevant information was available, mean WEMWBS scores of those unable to perform the tests of physical capability for health reasons were lower than the mean scores of those participants who did complete the tests, however the numbers of participants recorded as being unable to perform the tests were low. There was no consistent evidence to suggest that those participants who used a walking aid to complete the TUG test (n=16 in CaPS and 11 in HCS) had different WEMWBS scores than those who performed the test unaided.
Discussion
This study presents consistent evidence of modest associations between objective measures of physical capability and positive mental wellbeing assessed between 5 and 10 years later across five older British cohorts. Most associations were maintained, albeit with attenuation, after adjustment for a range of potentially important confounding factors including health status and the personality trait of neuroticism.
Comparison with other studies
Mean levels of WEMWBS observed in the present study are similar to those reported in a recent national survey . No study previously has related objective measures of physical capability to this relatively new wellbeing scale and few other studies have related them to any other measure of positive mental wellbeing. Previous analyses of HCS, LBC1921 and the Lothian Birth Cohort 1936, have reported associations of weaker grip strength with reduced levels of health-related quality of life (HRQoL) (Brett et al. 2012; Aihie Sayer et al. 2006 ), a construct related to mental wellbeing, and in two studies of older Swedish people slower walking speed (and also TUG speed in one of the studies) has also been linked to lower HRQoL (Ekstrom et al. 2011; Horder et al. 2012) . However, these analyses were cross-sectional For reasons described elsewhere (Cooper et al. 2011a) , mean age at time of physical capability assessment varies by measure in the HCS. Mean ages presented are for grip strength assessment. Mean ages (year) for: chair rise assessment: men=68.5 (2.6), women=68.2 (2.7); walking and TUG speed assessment: men=67.7 (2.8), women=67.6 (2.7)
c Mean walking speeds in LBC1921 not directly comparable with other cohorts as in LBC12921 participants were asked to walk as fast as possible whereas participants were asked to walk at their normal pace in HCS and ABC1936 Due to variation in mean ages at time of physical capability assessment, mean length of follow-up varies by physical capability measure in the HCS. Mean length of follow-up is presented for analyses of grip strength. Mean length of follow-up (year) for analyses of: chair rise speed: men=4.8 (0.9), women=4.9 (0.9); walking and TUG speed: men=5.5 (1.3), women=5.6 (1.1) AGE (2014) 36:445-456 and each used different instruments to measure HRQoL that have different dimensions not all of which reflect mental wellbeing. Our findings are also consistent with the limited evidence from previous longitudinal analyses using positive affect, a facet of mental wellbeing. In an older American population, lower self-reported physical functioning (as indicated by worsening performance in instrumental activities of daily living) was associated with a small decline in positive affect (Kurland et al. 2006) , and in a German study of people aged 70 and over those people with more functional constraints, as indicated by a composite measure including mobility, were more likely to experience decline in positive affect over four years of follow-up (Kunzmann et al. 2000) . Our work adds to this by showing that variation across the full range of physical capability is associated with subsequent positive mental wellbeing and that associations hold even when objective rather than self-reported measures of physical capability are used.
Explanation of findings
Our findings suggest that low or declining physical capability levels could be impacting on subsequent levels of wellbeing in older populations. This association could be acting directly or through associations of lower physical capability with increased risk of functional limitations and disability, outcomes which have been shown to negatively influence positive mental wellbeing (Kendig et al. 2000) . That associations found were not fully explained by adjustment for a wide range of potentially important covariates suggests that our findings are unlikely to be due to confounding, although residual confounding is possible.
Qualitative work supports the suggestion that physical capability levels may influence subsequent wellbeing. In interviews conducted by Parsons et al. (2012) with subsamples of NSHD and HCS participants, 'general physical decline', 'slowing up' and 'being less able to do things' were some of the most frequently reported perceived disadvantages of ageing, with some interviewees feeling that this decline was associated with 'the withdrawal of respect and of being treated as a fully paid up member of society'. Lower levels of physical capability at any particular point in time, which may be indicative of prior experience of 'physical decline', could therefore justifiably be expected to affect subsequent positive mental wellbeing. Cross-sectional work showing that slower walking and TUG speeds are associated with a reduction in social participation (Ekstrom et al. 2011) provides evidence of a possible pathway by which lower levels of physical capability may influence subsequent wellbeing that should be investigated further.
Physical capability and wellbeing were temporally ordered in our analyses; however, as both physical capability and wellbeing are correlated over time, another possible explanation of our findings that cannot be ruled out is reverse causality. Wellbeing across life could influence lifestyle and other factors such as motivation to remain mobile and active and access to support networks and health care which affect the development or maintenance of physical capability and its subsequent decline. For example, a few longitudinal studies have shown that higher levels of different facets of positive mental wellbeing (i.e., positive affect, mastery and social participation) appear to protect against decline in physical capability in older populations (Buchman et al. 2009; Milaneschi et al. 2010; Ostir et al. 2000) . In addition, low levels of wellbeing at the time of physical capability assessment could detrimentally influence performance. Further work to investigate the possible bidirectional nature of associations of physical capability with positive mental wellbeing, as has recently been undertaken in studies of physical capability and depression (Sanders et al. 2012) , is thus required.
Methodological considerations
There are a number of strengths to this work including: an examination of associations across five British cohorts who represent a wide range of older ages (from 53 to 82 years at baseline) with birth years across the first half of the twentieth century; the use of the same validated measure of wellbeing (Tennant et al. 2007 ) across cohorts whereby we can be confident that differences between studies are not due to differences in instrument; the use of a range of harmonised objective, continuous measures of physical capability (Cooper et al. 2011a) ; and consistent adjustment for a range of important potential confounding factors in all cohorts.
By performing meta-analyses of results across cohorts, we were able to increase statistical power, make conclusions about consistency of findings across studies and demonstrate that similar associations between physical capability and subsequent mental wellbeing were found in cohorts of different ages and with different selection criteria. However, as only a maximum Fig. 1 Change in mean WEMWBS score per 1SD increase in specified capability measure AGE (2014) 36:445-456 of three studies were included in any one metaanalysis there was considerable uncertainty as to the true extent of heterogeneity (as indicated by the wide confidence intervals around our estimates of I 2 ) and we had insufficient power to explore possible sources of heterogeneity between studies such as age or length of follow-up. The fact that different studies had assessed different physical capability measures leads us to recommend caution in comparing the size of associations estimated between different measures of physical capability and wellbeing; the summary effect estimates from meta-analyses are not directly comparable as they each include different combinations of study populations.
The mean levels of physical capability reported in Table 2 , in the samples of participants who also had data on WEMWBS at follow-up, are slightly higher than those reported previously in unrestricted samples at the same ages (Cooper et al. 2011a ). These differences suggest that the participants who were not followed up had lower mean levels of physical capability at baseline than those who were, which may be explained by the fact that lower physical capability is associated with higher rates of death (Cooper et al. 2010) , and death is expected to be an important reason for loss to follow-up in samples of this age. Given the expected direction of association, the loss to follow-up of people with lower levels of physical capability would be expected to have led to an underestimation in effect size. When analyses were run on maximum available samples the findings were the same, suggesting that further restrictions of the sample through exclusion of those with missing data on covariates did not introduce additional bias.
While a key strength of our work was the investigation of prospective associations between physical capability and subsequent wellbeing across five cohorts, a limitation is that we were unable to perform more elaborate analyses, such as dual change score models, to investigate the dynamic relationship between positive mental wellbeing and physical capability. This was because positive mental wellbeing had only been assessed in each cohort on one occasion, as had physical capability and covariates in the majority of cohorts. However, we have adjusted for key contributors to baseline wellbeing including health status, socioeconomic circumstances, personality, and living alone and, the covariate that caused the greatest attenuations in effect size was neuroticism which is expected to be stable over time.
As wellbeing was only ascertained at one time point in each study, we were unable to investigate withinindividual change in wellbeing. This is likely to be an interesting area for additional research, once further data have been collected, especially since evidence suggests that wellbeing remains relatively stable in later life, at least up to and including early old age (Charles and Carstensen 2010; Charles et al. 2001 ). According to socioemotional selectivity theory, this can be explained by the fact that as people get older awareness of the limited time left in life motivates them to regulate their social activities to maximize positive social interactions and emotional fulfilment and so maintain their wellbeing (Carstensen 1992; Carstensen et al. 1999; Charles and Carstensen 2010) .
Future work could also build on our findings to investigate, in those studies where data are available, whether, for example, changes in physical capability (in addition to variation at one time point) influence subsequent wellbeing, whether these associations are independent of prior wellbeing and whether there are interactions with functional limitations and disability (i.e. is the association stronger if low physical capability is accompanied by reports of being unable to perform daily tasks?). In addition, as the WEMWBS is a measure of general mental wellbeing, the extent to which physical capability is related to specific dimensions of wellbeing such as self-esteem, life satisfaction or positive affect also warrants further investigation.
Conclusions
This study provides evidence that, in addition to their associations with mortality and subsequent health, objective measures of physical capability are also associated with subsequent positive mental wellbeing. Associations were consistent across five studies spanning early and later old age and across multiple measures of physical capability. While further in-depth work is required to investigate the directions of associations and underlying explanations of these findings, they highlight the importance of maintaining physical capability in later life and provide additional justification for using these measures as markers of healthy ageing.
